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DESCRIPTION 

Z MULTILAYER SHEET AND PACKAGE BODY MADE FROM 
THE MULTILAYER SHEET FOR PACKAGING FO OD, MEDICINE OR TOOL 

5 

Technical Field 

This invention relates to a multilayer sheet and also to 
a package body made from the multilayer sheet for packaging 
food, medicine or tool. 

10 Background Art 

Multilayer sheets comprising a base layer that is a 
resin film layer and a metal film layer integrally formed on 
the resin film layer by lamination or the like are known. 
Aluminum film or film of an aluminum alloy is typically used 

15 for the metal film layer. Generally, aluminum film is rolled 
to a very thin foil by means of a rolling mill and bonded to 
the surface of resin film. Such multilayer sheet is widely 
used package body for packaging food, medicine and tools 
because the gas impermeability of the aluminum foil prevents 

20 degradation of the sealed contents. 

However, medical data have been revealed in recent years 
to prove harmful effects of aluminum on the human body. Now, 
there is a demand for a metal film layer that can replace the 
aluminum film layer of multilayer sheet under consideration 

25 for the above-identified reason and also from the viewpoint of 
resource saving. However, no multilayer sheet comprising a 
metal film layer showing a level of gas impermeability equal 
to or higher than that of aluminum film have been provided to 
date . 




1 



In view of the above identified circumstances, it is 
therefore an object of the present invention to provide a 
multilayer sheet comprising a metal film layer that shows a 
certain level of gas impermeability and can be manufactured 
5 with ease and a package body made from the multilayer sheet. 
Disclosure of the Invention 

According to the invention, the above object is achieved 
by providing a multilayer sheet including a base layer- and at 
least a metal film layer integrally formed on the base layer. 

10 The metal film layer is made of magnesium or a magnesium alloy. 
With this construction, ' the multilayer sheet is harmless to 
the human body and* impermeable to gas to a certain extent and 
at the same time can replace aluminum to save the precious 
resource of aluminum, since the metal film layer is made^' of 

15 magnesiiam or a magnesiiam alloy. 

It is preferable that the metal film layer is foimed on 
the base layer by means of a sublimation method, an 
evaporation method, an electron beam method or a sputtering 
method. With this construction, the metal film layer can be 

20 formed on the base layer by means of a sublimation method, an 
evaporation method, an electron beam method or a sputtering 
method. Therefore, existing evaporation facilities or the like 
can be used without modification so that it is possible to 
form the metal film layer with ease. When an evaporation 

25 process is used, it is possible to select the degree of vacuum 
of the container from a broad range between several mmHg 
through 10-^ mmHg. Accordingly, degree of freedom for the film 
fonning conditions can be increased. Additionally, when a 
magnesium alloy is used, it is possible to form a highly pure 
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magnesium film layer (99.99 to 99.999%) by selecting an 
appropriate vacuum condition. 

Additionally, the present invention provides a package 
body for packaging food, medicine or tool made from a 
5 multilayer sheet. The multilayer sheet includes a base layer 
and at least a metal film layer integrally formed on the base 
layer. The metal film layer is made of magnesium or a 
magnesium alloy- With this construction, the package body for 
packaging food, medicine or tool is also harmless to the human 

10 body and impeimeable to gas to a certain extent and at the 
same time can replace aliaminiam to save the precious resource 
of aluminum, since the metal film layer is made of magnesium 
or a magnesium alloy. 

It is preferable that the metal film layer is formed on 

15 the base layer by means of a sublimation method, an 
evaporation method, an electron beam method or a sputtering 
method. With this construction, the metal film layer can be 
formed on the base layer by means of a sublimation method, an 
evaporation method, an electron beam method or a sputtering 

20 method. Therefore, existing evaporation facilities or the like 
can be used without modification so that it is possible to 
form the metal film layer with ease. When an evaporation 
process is used, it is possible to select the degree of vacuum 
of the container from a broad range between several mmHg 

25 through lO'^ mmHg. Accordingly, degree of freedom for the film 
foinning conditions can be increased. Additionally, when a 
magnesium alloy is used, it is possible to form a highly pure 
magnesium film layer (99.99 to 99.999%) by selecting an 
aippropriate vacuum condition. 
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Best: ^de for Carrying Ou'b the Invention 

Now^ an embodiment of multilayer sheet according to the 
invention will be described below. A multilayer sheet 
according to the invention comprises a base layer^ which is a 
5 resin film layer, and a magnesium film layer formed on the 
resin film layer. The resin film layer has a thickness of 0.1 
]im through 2 mm and made of a known plastic material. Examples 
of plastic material that can be used for the resin film layer 
include polyethylene, polypropylene, polystyrene, polyvinyl 

10 chloride, polyvinylidene chloride, polyvinyl alcohol, 
f luoroethylene resin, polycarbonate, polyester, polyamide, 
rubber hydrochloride, ionomer, polyimide, polyurethane, heat- 
resistant engineering film, polyethylene terephthalate, 1,4- 
cyclohexylene dimethyl terephthalate, polyvinyl fluoride, 

15 polytetraphloroethylene, cellophane, gelatin, cellulose 
triacetate, polymethyl methacrylate, cellulose diacetate and 
hard vinyl chloride. Examples of heat-resistant engineering 
film that can be used for the purpose of the present 
embodiment include polyphenylene sulfide (PPS) , polyarylate 

20 (PAr) , polysulfone (PSF) , polyetheretherketone (PEEK) and 
polyetherimide (PEI) . 

The magnesium film layer has a thickness of SA through 
1000 A and made of magnesium or magnesium alloy made of 
magnesium and another metal and element. Examples of another 

25 metal and element include Ag, Al, Au, Ba, Bi, Ca, Ce, Co, Cr, 
Cu, Fe, Gd, Ge, H, Hf, Hg-, In, Ir, K, La, Li, Mn, Mo, N, Na, 
Ni, O, Os, P, Pb, Pd, Pr, Pt, Pu, Rh, S, Sb, Se, Si, Sn, Sr, 
Te, Th, Ti, Tl, U, W, Y, Zn, Zr, RE. Examples of binary alloy 
of magnesiiam alloy include Mg-Ag, Mg-Al, Mg-Au, Mg-Ba, Mg-Bi, 



4 



Mg-Ca, Mg-Ce, Mg-Co, Mg-Cr, Mg-Cu, Mg-Fe, Mg-Gd, Mg-Ge, Mg-H, 
Mg-Hf, Mg-Hg, Mg-In, Mg-Ir, Mg-K, Mg-La, Mg-Li, Mg-Mn, Mg-Mo, 
Mg-N, Mg-Na, Mg-Ni, Mg-0, Mg-Os, Mg-P, Mg-Pb, Mg-Pd, Mg-Pr, 
Mg-Pt, Mg-Pu, Mg-Rh, Mg-S, Mg-Sb, Mg-Se, Mg-Si, Mg-Sn, Mg-Sr, 
5 Mg-Te, Mg-Th, Mg-Ti^ Mg-Tl, Mg-U, Mg-W, Mg-Y, Mg-Zn, Mg-Zr. 
Examples of ternary or more magnesium alloy include Mg-Al-Mn, 
Mg-Al-Mn-Zn, Mg-Al-Mn-RE, Mg-Al-Mn-Si, Mg-Mn-Zn^ Mg-Mn-Zn-Cu, 
Mg-Th-Zr, Mg-Th-Zn-Zr, Mg-Zn-RE, Mg-Zn-Zr-RE, Mg-Zr-Y-RE. 
Magnesium alloy may be quinary or more magnesium alloy. 

10 Magnesiiam is harmless to the human body and rather it is 

indispensable to the metabolism of the human body. The 
inventors have found that magnesium becomes less corrosive as 
it becomes purer. Therefore, it is beneficial to use 
multilayer sheets comprising a magnesium film for bags for 

15 containing food and as packaging materials for medicine and 
medical equipment such as injectors. 

Next, the method of forming magnesium film will be 
described below. In this embodiment, magnesium film is formed 
on resin film that operates as base film by means of an 

20 evaporation method. Generally, in an evaporation method, the 
material to be used for forming film is heated in a container, 
the inside of which is evacuated to a high degree of vacuum, 
so as to deposit on the surface of an oppositely disposed 
substrate. When magnesium is used as film forming material and 

25 the container containing magnesium is evacuated to a degree of 
vacuum of about 10"^ mmHg by means of a vacuum pump such as 
rotary pump, the magnesium is instantaneously gasified at a 
heating temperature of about 300 °C that is by far lower than 
the melting point of magnesium, which is 650 °C, so that 
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consequently the formed magnesium film is strengthened and 
provides strong adhesive force relative to the" base film. 
Additionally, it has been found that, when magnesium 
containing impurities or a magnesium alloy is used for the 
5 evaporation method, magnesium is gasified dominantly to 
produce highly pure magnesium film. Thus, it has been found 
that an evaporation method is highly effective to exploit the 
inherent properties of magnesium. 

The use of a magnesium alloy as film forming material in 

10 an evaporation method provides an advantage of a low melting 
point because magnesixim alloys generally have a low melting 
point. Therefore, magnesium can be gasified at a temperature 
lower than the above described heating temperature (300°C) by 
appropriately setting the degree of vacuum of the container. 

15 Thus, as needed, it is advisable to select a desired magnesiiam 
alloy, taking into consideration the melting point of the 
resin film, onto which magnesium is to be deposited by 
evaporation. 

When an evaporation method is used with magnesium or a 
20 magnesium alloy for deposition, it is possible to select the 
degree of vacuum of the container from a broad range between 
several mmHg through 10"^ mmHg. Accordingly, degree of freedom 
of the film forming conditions can be increased. 

Next, a film forming of a magnesium film or a magnesium 
25 alloy film by a sputtering method (ion plating method) will be 
discussed below. With a sputtering method, plasma is generated 
between a pair of electrodes and the target (a magnesium 
material) placed on the cathode is driven to fly out by means 
of ions in the plasma and deposited on the substrate, which is 
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made of resin film and placed on the anode which is oppositely 
disposed the cathode. Argon is generally used as electric 
discharge gas. When this process is used, magnesium is not 
dominantly deposited on the resin film unlike the above 
5 described evaporation method. In other words, the material of 
the target is deposited on the resin film without modifying 
its composition. Thus, it is advisable to use a sputtering 
method when the composition of a magnesium alloy is to be used 
for the metal film without modification. A sputtering method 
10 additionally provides an advantage that the peel strength of 
metal film formed on the substrate made of the resin film is 
more resistant than that of an evaporation method described 
above . 

A film forming of a magnesium film or a magnesium alloy 
15 film by an electron beam method is a method where electrons 
generated from a tungsten filament are accelerated by applying 
a voltage of several kV and irradiated onto the evaporation 
material, which is magnesi\im or a magnesiiom alloy, so as to 
gasify the magnesixom or the magnesiiam alloy- According to the 
20 electron beam method, even if it is a magnesium alloy which 
can hardly form a film, it can form a magnesium alloy film. It 
provides an additional advantage that it produces a high 
evaporation rate and the formed film shows a high strength 
level . 

25 Next, the present embodiment will be described by way of 

an example where magnesium alloys were used and deposited on 
resin film by evaporation. The base films used in the example 
had a thickness of 12 ijm and were made of polyester. The 
compositions of magnesium and the magnesium alloys used in the 
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example are listed below, 
pure magnesium (98%) 
pure magnesium (99.6%) 

CMIO alloy Mg + Cu (1.5%) + Mn (0.5%) + Al, Si 
5 CM31 alloy Mg + Cu (3%) + Mn (1%) + Al, Si 

AZ91R alloy Mg + Al (9%) + Zn (0.6%) + Mn, Si 
AM60R alloy Mg + Al (6%) + Mn (0.3%) + Zn, Si 

The above alloys were used as coating materials and a 
magnesium deposit film was formed to a thickness of about 400 

10 A on a base film for each of the alloys. It was found that the 
surface metal of the obtained film were substantially formed 
by magnesium. Aluminum oxide and silicon oxide were also 
deposited substantially under the same conditions. Since an 
aluminum film was formed by deposition under the conditions 

15 shown below, the temperature was slightly high and the degree 
of vacuum was slightly low if compared with the desirable film 
forming conditions for magnesium, 
temperature: 500 through 600°C 
degree of vacuum: 2,5 x 10"^ mmHg 

20 rate: 100 m/min 

The barrier effect of each of the obtained multilayer 
sheets was evaluated. For each specimen, the steam 

permeability (g/m^-day) was observed by means of a MOCON method 
under the conditions of an atmospheric temperature of 40*^0 and 

25 a relative humidity of 90% and the oxygen permeability 
(cc/m^-day) was observed also by means of a MOCON method under 
the conditions of an atmospheric temperature of 20 °C and a 
relative humidity of 0%. The obtained results are summarized 
in the table below. 
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film material 


steam permeability 


oxygen permeability 


pure magnesium (98%) 


1.0 


0.1 


pure magnesiiom 
(99. 6%) 


1.0 


0.1 


CMIO alloy 


1.3 


0.1 


CM31 


3.4 


0.1 


AZ91R 


1.3 


0.1 


AM60R 


1.4 


0.1 


AI2O3 


1.5 


1.5 


SiOx 


1.0 


1.0 



It is obvious from the above table that a multilayer 
sheet of this embodiment shows an excellent steam permeability 
5 and an excellent oxygen permeability in comparison with a 
multilayer sheet of aluminum oxide and that of silicon oxide. 

It will be appreciated that a multilayer sheet according 
to the invention and a package body formed by using a 
multilayer sheet according to the invention are not limited to 
10 the above described embodiment, which may be modified and 
altered in various different ways without departing from the 
scope of the present invention as defined by the claims. For 
instance, another resin film or a paper film may be laminated 
further on the multilayer film described above to produce a 
15 multilayer structure of three or more than three layers. The 
material of the base layer is not limited to resin film and 
paper or the like may alternatively be used for the base layer. 

A evaporation process of sublimating solid magnesium or 
a solid magnesium alloy may alternatively be used for the film 
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forming process. 

Pure magnesium has a high shock absorbing property. 
Therefore, a package sheet having appropriate thickness 
according to the present invention is very effective when it 
5 is used for packaging a delicate object that is highly 
sensitive to external impacts. 



Indus-brial i4>pllcabil±ty 

As described above in detail, a multilayer sheet 
10 comprising a magnesium film according to the present invention 
is very useful for bags for containing food and as packaging 
materials for medicine and medical equipment such as injectors. 
The package sheet according to the present invention is very 
effective when it is used for packaging a delicate object that 
15 is highly sensitive to external impacts. 



10 



